We have proved the strong subadditivity of quantum-mechanical entropy and the Wigner-Yanase-Dyson conjecture.
There are some properties of entropy, such as concavity and subadditivity, that are known to hold (in classical and in quantum mechanics) irrespective of any assumptions on the detailed dynamics of a system. These properties are consequences of the definition of entropy as where Tr means trace, p is a density matrix in (ta), and p is a distribution function (usually on [tN) in (1b) . In (1c) the Pi are discrete energy level probabilities.
One such property, strong subadditivity (SSA), was known to hold for classical systems and was only conjectured for quantum systems. The observation that classical entropy has SSA (this, in fact, is a theorem in information theory) and that SSA implies strong results about the thermodynamic limit of entropy per unit volume is due to Robinson and Ruelle.' Later, Lanford and Robinson 2 conjectured that SSA holds for quantum systems as well, and Baumann and Jost'·4 were able to prove this when p has a special form. Araki and Lieb 5 proved a weakened form of SSA, but one which held for general p and which was sufficient for many of the purposes to which SSA had been put in Ref. Yanase· proposed a different definition of entropy (or negative information) which was generalized by Dyson.· The conjecture that this generalized entropy was concave in p was also proved by Baumann and Jost'· 7 in special cases, but it was not realized that this concavity problem and the SSA problem were related; in fact they are equivalent.
Here, we wish to announce that both of these problems have been solved affirmatively. The proofs, which are too long for this note, will be given in two papers .
•.
• A density matrix is a positive semidefinite operator with Trp= 1. The Wigner-Yanase-Dyson p-entropy of p with respect to a self-adjoint operator (observable) K is
S.(p, K)
where [A,B]=AB-BA and 0'" p "'1 is fixed. We can think of (2) as defined for all p '-' 0 and ask whether 5.(p. K) is concave as a function of p.
The term -! TrpK2 is obviously concave since it is linear. so the problem reduces to that of the concavity of Trp'Kp'·'K. This was proved" when I> =!. We have proved the following:
Theorem: For each fixed K (not necessarily self-adjoint), Trp'K tpTK is a concave function of p for p '-' 0 whenever p '-'0, r'-' 0, and p + r '" 1. This theorem is obviously stronger than necessary.
Returning to the conventional entropy (1a), we suppose'that the Hilbert space of the system is a tensor product of three spaces, H= H' 0H2 0H'. Thus, the system has three sets of degrees of freedom; for example, these may be thought of as the degrees of freedom of a gas in three disjoint regions in space (R'). Given a density matrix p'2' on H, we can define a density matrix p'2 on H'®H2 by partial trace, i.e., p'2=Tr, p'23 . In like manner we can form p23, p2, etc., and for each of these we have an entropy given by (1a). Denoting S(p'23) by S'23, etc., subadditivity states that 5'2", 5' + S>, (3) while SSA states that (4) We first show that 5' -S'2 is convex in p'2. This implies SSA because, as was painted out previouslY,5 in the quantum or classical discrete case SSA is equivalent to
but as F is convex in p'23, it is less than its maximum value on extremal points, which latter are those p'23 that are pure states. For pure states,
F=O.
We also prove some other related theorems, 
